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3-D Localization of Subcellular Ca2D Release Reveals a Cytoskeletal
Dependence of RyR Activation
Eef Dries, Virginie Bito, Karin Sipido, Niall Macquaide.
KULeuven, Leuven, Belgium.
In large mammals, many SR Ca2þ channels (RyRs) are uncoupled from sar-
colemma or T-tubules (TTs). Tools for exploring RyR regulation in relation to
T-tubule proximity are limited. Here we present a method to measure TT dis-
tance and investigate release from coupled and uncoupled RyRs. In isolated
pig ventricular myocytes consecutive vertical confocal images were taken af-
ter labeling with wheat germ agglutinin-Alexa594. After image processing,
the 3-D TT geometry was assessed using Euclidean distance mapping.
Whole-cell voltage clamp was subsequently used to elicit Ca2þ release at
0.5, 1 and 2 Hz and Ca2þ was recorded in a confocal line scan (0.3 micron
pixel-1, 649 Hz). The temporal mid-point of the local Ca2þ transient upstroke
(TF50) was used to assess latency of release. Correlation of the TF50 for each
site with distance to TT in 3-D yielded a linear relationship for distance be-
tween 0.5 and 3 mm from T-tubules. This allowed the use of TF50 to map sub-
cellular Ca2þ release regions as coupled (< 0.5 mm) and uncoupled (> 2 mm).
In coupled regions, TF50 occurred within 18 ms, 17 ms and 12 ms, respec-
tively for 0.5, 1 and 2 Hz. This resulted in 56% (0.5 Hz), 57% (1 Hz) and
49% (2 Hz) of coupled regions. Spark frequency increased with stimulation
frequency in coupled release sites but significantly less so in uncoupled
ones. In the presence of the F-actin disrupter Cytochalasin D, this increase
in spark frequency was abolished and there was no difference between cou-
pled and uncoupled sites. Therefore, the regional discrimination of RyR re-
veals a preferential activation of coupled RyRs with frequency, which is
dependent on a cytoskeletal interaction.1607-Pos Board B377
Control of Diastolic Activity of the RyR2 Channel by Luminal Calcium
and ATP
Barbora Tencerova, Jana Gaburjakova, Marta Gaburjakova,
Alexandra Zahradnikova.
Institute of Molecular Physiology and Genetics, Slovak Academy of
Sciences, Bratislava, Slovakia.
The mechanism of activation of the cardiac ryanodine receptor (RyR2) by lu-
minal Ca2þ in the presence of ATP was examined in planar lipid bilayers. The
dose response of the RyR2 channel to ATP was characterized at a range of cy-
tosolic (100-400 nM) and luminal (0.01 - 53 mM) Ca2þ concentrations. Lumi-
nal Ca2þ markedly increased the maximal open probability in the presence of
ATP (PO
max) and markedly decreased EC50 for ATP (EC50
ATP). Cytosolic
Ca2þ, without substantially activating the RyR2 channel in the absence of
ATP, greatly amplified the effects of 1 mM [Ca2þ]L on PO
max and EC50
ATP.
An allosteric model of RyR2 interaction with ATP showed that the increase
in RyR2 open probability by luminal Ca2þ in the presence of ATP is induced
by a decrease of the ATP dissociation constant (KATP) at low [Ca
2þ]L, by an
increase in the positive allosteric effect of ATP on channel opening (decrease
of fATP) at intermediate [Ca
2þ]L, and by an increase in the stability of the ATP-
free RyR2 open state (decrease of KO0) at the highest [Ca
2þ]L. Increasing
[Ca2þ]C did not affect KATP but led to a parallel decrease of KO0 and fATP.
These results suggest that the allosteric effect of ATP might be mediated by
the energy of the ATP-free open state, i.e., indirectly by the effect of the occu-
pancy of the channel by Ca2þ at the cytosolic and luminal sites on the stability
of the open state. The increase of RyR2 open probability at diastolic levels of
cytosolic Ca2þ by elevated luminal Ca2þ may play a role in the calcium over-
load induced Ca2þ release.
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Calcium Signaling in Myocytes of Injured Myocardium
Alexandra Zahradnikova, Jr., Radoslav Janicek, Ivan Zahradnik,
Alexandra Zahradnikova.
Institute of Molecular Physiology and Genetics, Bratislava, Slovakia.
Calcium signaling during cardiac excitation-contraction coupling is compro-
mised after myocardial injury (MI). Myocytes of injured myocardium display
reduced synchronization of calcium spikes at low calcium current density in-
dicating worsened communication between sarcolemmal DHPR and sarco-
plasmic reticulum RyR calcium channels [1]. Here we study the activationof Ca-spikes by using strong synchronized calcium triggers. Cardiac myocytes
were isolated from left ventricles of young adult male Wistar rats on day 15
after administration of a single high dose of isoproterenol, to model the myo-
cardial injury (MI), or a vehicle as the control, and studied by means of the
whole cell patch clamp and confocal microscopy techniques. Ca-spikes
were activated by a short prepulse to þ60 mV from a holding potential of
50 mV and subsequent step repolarization to negative voltages that induced
perfectly synchronized influx of Ca2þ ions via DHPR channels. Ca-spikes
were recorded using 100 mM fluo-3 and 1 mM EGTA at 2 kHz line scan fre-
quency. In this arrangement, increase of the calcium influx increased the prob-
ability of Ca-spike activation in the same manner in both the control and MI
groups. The probability of local Ca2þ release was not different between the
two groups. In the MI group, the amplitude of Ca-spikes was increased and
the latency of spikes was abbreviated relative to controls. Both effects could
be explained by increased sarcoplasmic reticulum Ca2þ load revealed by caf-
feine application. We conclude that the DHPR-RYR calcium coupling in MI
myocytes functions well when the triggering calcium influx is strong, most
likely due to sensitizing effect of increased sarcoplasmic reticulum Ca2þ
load on RyR activation by calcium.
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Ryanodine Receptor Recruitment and Construction of Calcium Release
Sites in Cardiac Myocytes
Alexandra Zahradnikova, Radoslav Janicek, Alexandra Zahradnikova, Jr.,
Marta Gaburjakova, Ivan Zahradnik.
UMFG SAV, Bratislava, Slovakia.
Local character of calcium release in cardiac myocytes implies independent re-
cruitment of calcium release units by triggering stimuli. Calcium release from
individual CRUs also displays quantal character, interpreted either as recruit-
ment of small cohorts of independent RYRs (1,2), or as recruitment of small
cohorts of RYR clusters with coupled RYRs gating (3). We tested both inter-
pretations on published experimental data using a model of virtual calcium re-
lease units (vCRUs) consisting of 1-10 clusters that were constructed in
accordance with the experimentally observed cluster size distribution (4). If
RYR gating was independent, vCRUs consisting of 3 or more clusters provided
a good agreement between the model and experimental data (1). If RYR gating
was coupled, the calcium release flux of vCRUs did not display quantal struc-
ture that would correspond to in situ observations. The model of RYR gating (2)
combined with the model of independent RYRs in vCRUs (2) matched the ex-
perimentally observed calcium dependence of calcium spark frequency (5) un-
der all conditions. However, the Mg2þ-binding parameters of RYRs were in
accordance with the single-channel observations (6) only for vCRUs composed
of 3 or more clusters. In conclusion, these results favor independent over fully
coupled RYR gating in situ, and predict the presence of at least 40 RYRs per
cardiac calcium release unit.
Supported by grants APVV-0441-09, APVV-0721-10, VEGA 2/0190/10, 2/
0203/11, and 2/0197/11.
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Properties of the Weibel-Palade Body Fusion Pore
Emma A. Cookson1, John Dempster2, Matthew J. Hannah3, Tom Carter1.
1MRC NIMR, London, United Kingdom, 2University of Strathclyde,
Glasgow, United Kingdom, 3Health Protection Agency, London,
United Kingdom.
Weibel-Palade bodies (WPBs) are regulated secretory organelles found in
endothelial cells (ECs). The major WPB constituent is the haemostatic
Monday, February 27, 2012 317aprotein Von Willebrand factor (VWF), however, under specific conditions
WPBs also contain a cocktail of small pro-inflammatory cytokines. WPB
exocytosis is driven by an increase in intracellular free calcium ion concen-
tration ([Ca2þ]i); the majority of WPB fusion events result in complete dis-
charge of cargo components, however, in a small fraction of cases cytokines
are selectively released indicating that the fusion pore may act as a molec-
ular size filter. Carbon fibre amperometry has been used to characterize fu-
sion pore behavior in a number of cell types, but to date this approach has
not been applied to WPBs. Therefore, we used this technique in combina-
tion with simultaneous optical imaging of fluorescent WPB exocytosis and
changes in [Ca2þ]i and can report, for the first time, the kinetic properties of
WPB fusion pore formation and expansion in human cultured endothelial
cells. A clear delay (mean ~50 ms) is seen between the onset of the current
spike and the increase in intra-WPB EGFP fluorescence indicating that
WPB alkalinsation is delayed by the strong proton buffering capacity of
the WPB lumen (55 mM/pH unit). Analysis of current spike parameters re-
veal a mean 25-75% rise time, peak amplitude and decay time of 1.63 ms,
50 pA and 6.63 ms respectively. Approximately 50% of current spikes were
preceded by a foot signal of mean duration 6.34 ms. Occasional low ampli-
tude, prolonged current increases, reminiscent of stand alone foot signals,
were observed in conjunction with morphological rounding of WPBs,
possibly reflecting kiss-and-run or lingering kiss fusion events. Following
characterization of the WPB fusion pore under control conditions the impact
of changing cellular parameters, including cholesterol levels, was also
assessed.1611-Pos Board B381
Role of the Cytoskeleton in the Regulation of Weibel-Palade Body
Exocytosis
Nicola Hellen1, Ruben Bierings1, Laura Knipe1, Gregor Zupancic2,
Matthew J. Hannah3, Tom Carter1.
1National Institute for Medical Research, London, United Kingdom,
2University of Ljubljana, Ljubljana, Slovenia, 3Health Protection Agency,
London, United Kingdom.
Calcium-driven secretion of the haemostatic protein Von Willebrand
factor (VWF) is mediated through exocytosis of specialized endothelial
cell (EC)-specific secretory organelles called Weibel-Palade bodies
(WPBs). Biochemical studies indicate that VWF secretion is regulated by
the cytoskeleton and that the Rab27a-MyRIP-myosinVa complex plays
a role in this process, however, little is known about their contribution to
the underlying kinetics and extent of WPB exocytosis. To address this
we have combined biochemical approaches with simultaneous high speed
imaging of intracellular free calcium and exocytosis of fluorescent WPBs
in living human umbilical vein endothelial cells (HUVEC) stimulated
with ionomycin (1mM) or histamine (100mM). Cytochalasin-D disruption
of actin had a subtle effect on the kinetics and extent of ionomycin-
evoked WPB exocytosis; delays to the first fusion event and maximal
rate of WPB exocytosis were not altered. There was a small increase in
the extent of fluorescent WPB degranulation, from 61.1511.5% (5SD,
n=19 cells) in control cells to 71.0515.9% (5SD, n=23 cells) (p<0.03),
although in separate biochemical experiments a small (10-15%) but non-
significant increase in VWF secretion was seen. RNAi knockdown MyRIP
resulted in complete loss of WPB associated MyRIP-immunoreactivity and
a modest (15-20%) but significant (P<0.007) increase in VWF secretion.
Disruption of microtubules with Nocodazole substantially decreased
(30-40%) VWF secretion and in live cell studies significantly increased
the delay and decreased both the rate and extent of ionomycin-evoked
WPB exocytosis. Together the data suggests that microtubules play the
dominant role in shaping the kinetics and extent of WPB exocytosis, while
the actin cytoskeleton and MyRIP play a minor role.1612-Pos Board B382
Rab27a Regulates Exocytosis of Large Dense-Core Granules in Mouse
Chromaffin Cells
Widmann W. Hoerauf, Victor A. Cazares, Arasakumar Subramani,
Stephen A. Ernst, Edward L. Stuenkel.
University of Michigan, Ann Arbor, MI, USA.
Rab-GTPases exert important roles in secretory vesicle cycles, with Rab3 and
Rab27 participating in exocytotic throughput. While Rab3 and Rab27 share
many effectors, some are unique, making it critical to identify specific func-tional roles. Studies on regulation of neurotransmitter release have focused
principally on Rab3 and much less on Rab27. Among Rab-GTPases, Rab27
is unique in binding effectors in either the GTP- or GDP-bound state. We
here compare secretory responses from ashen mice, which lack functional
Rab27a protein, with strain-matched controls. Secretion was evaluated using
measurements of membrane capacitance under whole-cell recording in isolated
mouse chromaffin cells. UV flash uncaging of Ca2þ raised [Ca2þ]i uniformly
and induced catecholamine neurotransmitter release. RT-PCR demonstrated
the presence of Rab27 in chromaffin cells, and immunoblotting further charac-
terized the expressed isoform as Rab27a, not Rab27b. The exocytic burst (1s
post-UV flash) of membrane capacitance increase (DCm) was fitted by a double
exponential curve, from which the amount and fusion kinetics of granules from
the readily- (RRP) and slowly-releasable pools (SRP) were extracted. Exocytic
burst DCm was greater, and the size of both the RRP and SRP larger, in wild-
type cells (RRP, 347 fF; SRP, 616 fF) than in Rab27a-/- cells (RRP, 157fF;
SRP, 438 fF), while the kinetics of release from both pools remained un-
changed. Expression of Rab27a in Rab27a-/- cells, using electroporation, res-
cued the wild-type phenotype. Rab 27a is therefore important for priming
into the RRP and SRP. To assess dense-core vesicle docking at the plasma
membrane, we analyzed granule distribution from E18 chromaffin cell EM mi-
crographs. These data show that while Rab27a-/- cells possess fewer total gran-
ules, morphological docking of granules at the plasma membrane is unaffected.
Further work is necessary to identify through which effector Rab27a is exerting
its effects.1613-Pos Board B383
Coordinated Calcium and Cortical Actin Oscillations Regulate a Cellular
Secretion Cycle
Roy Wollman, Tobias Meyer.
Stanford University, Stanford, CA, USA.
Exocytosis of secretory granules (SG) is a fundamental biological process
that is critical for many physiological functions. Exocytosis requires recruit-
ment of SG and their fusion with the plasma membrane. The actin cortex
plays two contradictory roles in SG recruitment: it captures them through
Myosin Va motors, bringing them to the periphery of the cell; yet at the
same time, it acts as a passive mechanical barrier preventing their approach
to the plasma membrane. How do cells consolidate these two opposing roles
of the actin cortex? We show, using live-cell multi-color TIRF microscopy,
that activation of the FceRI pathway in RBL-2H3 cells results in coordinated
oscillation of Ca2þ, PIP2, N-WASP, F-actin and Myosin Va. These oscilla-
tions alternate between high actin levels that promote SG capture, and low
actin levels that reduce the mechanical barrier. This temporal partitioning re-
solves the conflicting roles of the actin cortex as both a carrier and a barrier
of SG.1614-Pos Board B384
Sub-Frame Time Resolution in Fluorescence Imaging Reveals Delay
Between SNAP25 Conformational change and Secretory Events in Chro-
maffin Cells
Ying Zhao1, Qinghua Fang1, Adam Drew Herbst1, Khajak Berberian1,
Wolfhard Almers2, Manfred Lindau1.
1Applied and Engineering Physics, Cornell Uinversity, Ithaca, NY, USA,
2Oregon Health and Sciences University, Portland, OR, USA.
The SNARE-complex is thought to mediate opening of the exocytotic
fusion-pore. To determine if a direct relation exists between a conforma-
tional-change in the SNARE-complex and the fusion-event, we combine
Total-Internal-Reflection-(TIR)-Fluorescence-Resonce-Energy-Transfer-(FRET)
imaging with rapid spatially resolved electrochemical detection of fusion-
events using ElectroChemical-Detector (ECD) arrays (Hafez-et-al-PNAS-
2005-102:13879). The SNARE-Complex-Reporter (SCORE) was used, which
is based on the SNARE-protein SNAP25 with FRET-donor CFP and acceptor
Venus inserted at the N-termini of its SNARE-motifs SN1&SN2, respectively
(An-and-Almers-2004-Science-306:1042). The ECD-array consists of four-
platinum-electrode patterned on a glass-coverslip with a space of ~5mm be-
tween them where a bovine-chromaffin-cell expressing SCORE was placed
such that the FRET changes of SCORE could be imaged by TIR-FRET mi-
croscopy, while the ECD-array simultaneously records the exocytotic events
as amperometric-spikes. Based on the oxidation currents recorded by the four
electrodes, the locations of the exocytotic-events were determined. Averaging
the FRET changes at the locations of individual fusion events revealed
